NaCl tolerant cell lines were selected from irradiated callus, which were generated from seed cultures. M 1 -regenerates were obtained from the salt-tolerant callus cultured on the auxin-free medium for 30 days. Some regenerants were more tolerant than the parent variety (Dongjinbyeo) on a medium containing 0.75 % NaCl. Seeds (M 3 5,000 lines) derived from M 2 lines were grown to the 3 leaf stage. M 3 lines were soaked with a 0.75 % salt solution for 3 weeks and 350 salt-tolerant genotypes were selected. Among the M 3 350 lines, forty tolerant lines were selected from a saline field (10~14 mS) near the sea coast. Of the forty lines, two lines (18-1 and 50-1) showed more improved plant height, panicle length, tillering number, spikelet number and yield than those of the original variety. Thirty primers were screened and two RAPD markers were identified, which appeared in both the salt-tolerant lines (18-1 and 50-1). From DNA-hybridization experiments, it appeared that the fragment arose from the middle-repetitive copy sequences. The transcript involved in the marker showed a higher expression in the salt-tolerant lines than the sensitive lines. The salt-tolerant lines would be useful as a resource for salt-tolerant breeding.
Introduction
One of the practical uses of the tissue culture technique is for breeding improved plant varieties. The selection of variation in tissue culture offers considerable breeding potential, provided the regenerative capacity is maintained, and the desired characters are inheritable among the regenerated plants. A combination of radiation with the in vitro culture methods can speed up breeding programmes from the generation of variability through selection and multiplication of the new genotypes (Maluszynski et al. 1995) . These techniques have been used by other researchers (Ahloowalia 1990 , Chen et al. 2001 . Such techniques enable a greater use of mutated genes for crop improvement, the cumulative effect of which may result in a more desirable character than the original variety.
A major goal of rice-breeding programmes is to combine the desired agronomic characteristics with a high level of tolerance to salinity, which is a major environmental stress limiting plant growth and productivity (Boyer 1982 ). Rice, a major staple food, is consumed by more than half of the world's population (IRRI 1990) . Rice is sensitive to salt (Mass and Hoffmann 1977) , hence, the development of varieties with increased salinity-tolerance is urgently required. Success in obtaining abiotic tolerant lines using an in vitro culture in combination with radiation techniques has been attained in several crop plants, as well as rice (Das et al. 2000 , Malmberg and McIndoo 1984 , Zapata and Aldemita 1986 . The successful identification of the salt-tolerant lines obtained from in vitro mutagenesis was carried out at germination, seedling stage and the maturation period on a medium (solution or saline field) has been obtained by other authors (Miah et al. 1996 , Sathish et al. 1997 .
To obtain salt-tolerance, a large number of lines are required for selection. Because selection based on morphology is labor intensive and time consuming, breeding for salt tolerance is a tedious process, has a low selection efficiency and slow in the development of new cultivars. Moreover, as salt tolerance varies at different growth stages in rice Bernstein 1959, Lutts et al. 1995) , the salt tolerant lines cannot be selected at an early stage of breeding. However, this problem could be overcome by indirect selection using molecular markers linked to tolerance genes. The development of molecular markers associated with the selection for salt tolerance would be of great interest, to identify salt-tolerant lines at the early seedling stage. This may lead to a considerable saving in time and space, and a reduction in overall cost. Bohnert and Jensen (1996) proposed that salt tolerance might be controlled by several genes. Although, according to this hypothesis salt tolerance is a quantitative trait, molecular markers linked to salt-tolerant genes could be identified using genotypes with salt sensitive and tolerant lines (Xie et al. 2000) .
The objective of the present research is to produce new salt-tolerant lines in rice utilizing in vitro mutagenesis of a cultivated variety, and identify molecular markers linked to salt-tolerant genes.
Materials and Methods
Callus induction, selection for NaCl tolerance and plant regeneration Dehusked seeds cv. 'Dongjinbyeo' were sterilized with 5 % sodium hypochlorite, and cultured on a N 6 medium supplemented with 2 mg/L 2,4-D and incubated in the dark at 25°C ± 1 for callus initiation. Callus pieces were irradiated with 0, 30, 50, 70 and 90 Gy γ-ray from a 60 Co source. The calli were divided into small pieces (0.5~1 mm diameter) and inoculated on a N 6 medium containing 1.5 % NaCl after 72 hours. The salt-tolerant calli were maintained at the same concentration for three passages, each of 40 days. For regeneration, selected NaCl tolerant callus were cultured on a MS medium supplemented with 0.5 mg/L NAA + 2 mg/L BAP, but without salt for 30 days. Some of the regenerates were transferred to a medium with 0.75 % NaCl to confirm transmission of tolerance from callus to regenerants. Each of the 600 regenerated plants (M 1 ) were assigned numbers, and grown to maturity in a NaCl-free soil in a field. Standard crop management practices were followed, which included an application of 11; 7; 8; kg / 975 m 2 of N; P; K.
M 2 generation and screening of M 3 seedlings Three hundred M 2 lines from M 1 plants, except those with poor plant type (droopy leaves and weak culm), were harvested and numbered from M 2 -1 to 300. The M 2 generation was grown as a plant to rows in a NaCl-free field and harvested as M 3 generation (5,000 lines) showing normal grain fertility (above 80 %) on an individual plant basis. Each M 3 lines was the progeny of a single M 2 line seeds bulk and numbered from M 3 -1-1 to M 3 -1-n and from M 3 -300-1 to M 3 -300-n (n was influenced by lines). A salinity tolerance screen of the M 3 lines were screened in trays for 0.75 % NaCl with three replications. Each tray had 20 pots (each of 60 × 150 × 30 mm), with one pot for each of the 5,000 lines. Of the twenty pots per tray one was from the parent, not cultured in in vitro. The trays were filled with fine soil, which was commercially made for rice culture in Korea and 80 seeds per line were placed in each pot at a depth of 5 mm. The trays were watered with tap water untill the 3 to 4 leafstage. At that stage, excess water was drained, and the trays with rice seedlings were refilled with solution containing 0.75 % (E.C = 13 mS) salt and 1 g/L fertilizer. The solution was circulated with an underwater rotator to maintain a uniform salt concentration. The E.C measurements were taken daily. After three weeks of salinization with 13 mS, salinity symptoms were scored according to the Standard Evaluation System (1~3: tolerant, 5: moderate and 7~9: sensitive) developed at IRRI.
Selection of salinity-tolerant lines in saline field
M 3 lines selected at the seedlings stage were tested in a saline field near the sea coast. The salinity level of the saline field was ca. 10-14 mS. Heterogeneity of soil salinity in the field was an inherent problem in evaluating performance.
However, this problem was minimized the with plot sizes of 2.4 × 4.5 m 2 . From each line 30 plants were transplanted in two replicates 30 × 15 cm apart in a saline and normal field. The original variety was used as the control, and transplanted once every 8 lines. Standard crop management practices including an application of 20-8-8 kg / 975 m 2 of NPK were followed. Seed was harvested on an individual plant basis.
Performance evaluation
All lines were tested in a field trial in five replications, and evaluated at maturity. Plant height, panicle length, tiller number, survival rate, spikelets per plant and grain weight were recorded. Analysis of variance and means were compared with the data from the saline and non-saline fields. The t-test value at 5 and 1 % level of significance was used to determine the superiority of the tested lines over the control.
RAPD analysis
Genomic DNA was isolated following the method of Chen et al. (1991) . Thirty primers (Operon Technology) were chosen and pre-tested with DNA of Dongjinbyeo plants to establish reproducibility. Each 25 µl reaction contained 15 ng of DNA template, 1 unit of Taq DNA polymerlase (Bioneer, Korea), 0.2 µM primer, 0.17 mM dNTPs and PCR buffer (Bioneer, Korea) in a final solution of 67 mM Tris-HCl, 1.7 mM MgCl 2 , 167 mM KCl, pH 8.0. PCR was initiated by a denaturation step at 94°C for 5 min, then the reaction was subjected to 45 cycles of 93°C for 30 sec, 36°C for 30 sec, 72°C for 1 min with a final elongation step of 5 min at 72°C. PCR was performed on a Perkin Elmer Cetus 2400 gene Amp PCR system. Amplification products were resolved by electrophoresis on a 1.2 % agarose gel with ethidium bromide in a TBE buffer, and visualized under UV.
DNA and RNA analysis RAPD profiles were transferred onto Hybond N + nylon membranes for a Southern-blot analysis. Total RNA was isolated from the frozen materials with the acid guanidinium thiocyanate-phenol-chloroifrom extraction procedure (Zhang et al. 1996) . For Northern-blot analysis, 30 ug of total RNA was separated on a 1 % agarose gel containing formaldehyde, and transferred to a Hybond N + nylon membrane. Prehybridization, hybridization and washing procedures were done according to standard protocols (Sambrook et al. 1989) . Probe labeling used the random-priming method. The rRNA probe was used to detect the quality and quantity of RNA.
Results

Selection of NaCl tolerant callus and plant regeneration
On the NaCl-free medium, callus was obtained within 30 days of embryo inoculation (Fig. 1A) . By using irradiation in combination with in vitro culture, salt-tolerant calli were selected from a medium containing 1.5 % NaCl. Com-pared with the non-irradiated cultures the number of surviving calli (6 %) was 8 % and 7.2 % from 30 and 50 Gy treated populations, respectively; however, these was a decrease in the survival of plated cells from 70 Gy (4.8 %) and 90 Gy (3 %) doses (Fig. 1B, C and Table 1 ). It was identified that the threshold dose for increasing the survival of callus on the medium with salt was 30 and 50 Gy.
The frequency of regenerants from the surviving calli was 17.2, 18.9, 18.4, 19.1 and 8.3 % for the 0, 30, 50, 70 and 90 Gy treatments, respectively ( Fig. 1D and Table 1 ). Except for the 90 Gy treatment, irradiated calli showed a relatively high percentage for regeneration as compared with the nonirradiated ones and 30, 50 and 70 Gy were stimulus threshold dose to increase regeneration. The roots of the salt-tolerant lines (Fig. 1F) were better developed than those of the parental variety (Fig. 1E ) on a medium with 0.75 % NaCl.
Screening of M 3 seedlings for salt tolerance
None of the M 3 lines derived from the non-irradiated callus grown on the medium with 1.5 % NaCl were selected, 350 M 3 lines among the 5,000 M 3 lines derived from the irradiated callus exhibited varying degrees of salt tolerance. Especially, two lines (18-1and 50-1) were superior to the original variety and other lines for salt tolerance with a score of 3 (Fig. 2) .
Estimation of salt tolerance in saline field
Of the 350 M 3 lines tested, 40 lines were salt tolerant (Fig. 3) . However, there was a considerable variation among the lines in their ability to tolerate salt. Two tolerant lines (18-1 and 50-1) with argonomically excellent characters were selected for further observation among the 40 lines. The main agronomic characters of the two lines and the parent cultivar 'Dongjinbyeo' are listed in Table 2 and Table 3 . Plant height of the lines ranged from 67.8 to 73.7 cm compared with 58.7 cm of the parental variety, panicle length from 20.4 to 22 cm in comparison to 17 cm of the original variety and tiller numbers from 12.6 to 14 compared with 8 of the parent (Table 2 ). The differences between the M 3 lines and parent were statistically significant at 5 and 1 % level of probability. Line number 18-1 proved to be the best line 
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× Mean value of control − Mean value of salt treatment Mean value of control based on plant survival, spikelets per plant and grain yield, which is a critical component in understanding practical salinity tolerance (Table 3 ). The result indicates that the two lines are promising for salt-tolerance since their agronomic characters such as yield component are much better than that of the parental cultivar.
Genetic diversity of rice genotypes and Southern hybridization To detect genetic diversity at the DNA level, RAPD analysis was carried out. Thirty primers were selected based on their ability to produce reproducible RAPD markers. Most primers used in the present study produced fragments ranging from 400 to 3,500 bp. Out of the 30 primers tested, 12 did not show polymorphism in any of the 4 samples and showed only monomorphic bands, while 18 primers showed polymorphisms in different genotypes (Fig. 4A) . Two primers detected polymorphism between the salt-sensitive lines (Dongjinbyeo and 25-1) and the salt-tolerant lines (18-1 and 50-1). The two primers, OPE-15 and OPF-08, amplified specific fragments that appeared in both the salt tolerant lines but not in the salt sensitive lines (Fig. 4A) . Primer OPE-15 yielded a relatively weak polymorphic band of 500 bp, primer OPF-08 generated a fragment of about 700 bp in the salttolerant lines (Fig. 4A) and produced a band of 1,000 bp in the salt-sensitive lines (Fig. 4A) . A relatively intensive fragment (OPF-08, 700 bp) was used as a probe for Southern analysis. The homology of the bands among the salt-tolerant lines was tested using Southern hybridization. The gel from Fig. 4A was blotted on a nylon membrane and hybridized with the corresponding cloned fragment. The band used as a probe revealed the predicted fragments in the salt-tolerant lines, but with no hybridization signal in the salt-sensitive lines (Fig. 4B) . This confirmed that the same sequence was amplified in the salt tolerant lines (18-1 and 50-1).
Accumulation of transcript in salt-tolerant rice lines
The expression of the cloned band was analyzed using Northern analysis. The salt increased the level of transcript corresponding to the band in the salt tolerant lines more than in the salt sensitive lines stressed for 24 h on 1 % NaCl (Fig. 5) . The salt-tolerant M 3 -18-1 line showed a about 2-fold increase in mRNA levels as compared with the parental and salt-sensitive line (25-1). The magnitude of the response for salt stress is certainly different between the two salttolerant lines (Fig. 5) . 
Discussion
In recent years attempts have been made to develop salt-resistant plants through the use of tissue and cell cultures. We used the single-step method in place of the pyramiding approach ruling out possible interference with any physiological adaptation by cells or a fraction of them during culture. We were interested in the stable heritable variations rather than epigenetic variations for salt stress. So, we used irradiation to select salt-tolerant calli.
The present study showed that callus formation and plant tolerance under NaCl stress were affected by radiation. Comparing the survival rate of callus and regeneration between the irradiated treatment and non-irradiated treatment on a medium containing 1.5 % NaCl, the survival rate of the callus and the regeneration rate in the irradiated ones were increased. Although there was no statistical difference, the stimulus threshold dose of 30, 50, 70 Gy, for increasing the survival rate of callus and regeneration was observed. Similar results are reported by other authors (Chen et al. 2001 , Lu et al. 1999 .
It was possible to evaluate M 3 generation for NaCl tolerance in a greenhouse. Pearson and Ayers (1960) reported that the seedling stage in rice is the most salt-sensitive stage. The salt tolerance in the early growth stages does not always correlate with that at maturity. Therefore, in this study, lines were screened for salt tolerance at different growth stages. Using a seedling screen, the lines were classified for their ability to tolerate salt stress. It was noticed that there was a wide variation between and within the lines for tolerance to salt stress. The selection rate of salt-tolerance in the progeny derived from the irradiated calli was higher than that of the progeny derived from the non-irradiated callus. It is believed that gamma rays-induced mutagenesis is effective for the generation of salt-tolerant plants. Variations in progenies of in vitro mutagenesis materials, probably stem from the genetic instability created by mutagens, which cause mutation such as point mutation, deletion and chromosome aberrations (Lee and Lee 2002) . The salt tolerant lines were selected in a saline field near the sea coast (10~14 mS) using various selection parameters such as plant height, panicle length, no. of hiller, no. of surviving plants, spikelets per plant and grain yield. The screening of genotypes for salt tolerance based on these traits is important for rice improvement under saline field. Especially, the evaluation of yield components, such as spikelets number, under salt stress is critical in understanding the practical salinity tolerance (Zeng and Shannon 2000) . It was known that the average grain weight per plant in the control (8.83 g) and M 3 -25-1 (9.28 g), sensitive line, was higher than that of the salt-tolerant lines, M 3 -18-1 (8.78 g) and M 3 -50-1 (8.32 g) in Table 3 . The grain weight per plant in the control and M 3 -25-1 ranged greatly from 4.5 g to 13 g with uneven grain weights. However, it was relatively equally distributed from 7.3 g to 9.8 g in the salt-tolerant lines. It is believed that salt-tolerant lines have defense mechanisms that perhaps help the plant to uniformly survive and bear seeds. The genotypes 18-1 and 50-1 showed higher salt tolerance both at the seedling and maturity stages than Dongjinbyeo and 25-1, suggesting that the selection for salt tolerance should be done at different growth stages. The successful application of induced mutation and in vitro culture for the improvement of environmental stress has also been reported by other authors Aldemita 1986, Das et al. 2000) .
The results showed that on the basis of RAPD marker no's. 18-1 and 50-1 differed from the salt sensitive lines (Dongjinbyeo and 25-1). Variations in the progenies of in vitro-mutagenized plant materials have already been reported and probably originated from the genetic instability created during plant tissue culture in combination with induced mutations (Maluszynski et al. 1995) . All polymorphic primers between the salt-tolerant lines and -sensitive lines could be used as a starting material to map genes for salt-tolerance when segregating a population derived from the cross between the salt-tolerant and salt-sensitive lines. It is interesting to note that the two primers, OPE-15 and OPF-08, amplified only specific bands, which were present in all the salt-tolerant lines but absent in the salt-sensitive lines. To increase specificity, the OPF-08-derived band was selected and homology was confirmed by DNA hybridization, using the RAPD. The result reported that this band was a middle repetitive copy and specific to salt-tolerant lines.
To identify genes for salt tolerance, Northern analysis was undertaken with the OPF-08-derived band. The increase in the transcript level of the marker for salt-tolerant lines was observed and compared to the salt-sensitive ones. The results suggest that the identified marker might be a hair of a gene for salt tolerance.
It is concluded that in vitro culture in rice in combination with induced mutations is an effective way to improve salt-tolerance in rice. The mutation and selection frequency were greatly increased, and the selected mutants were stable. Such mutants could be utilized as a source of salt-tolerant germplasm.
